Introduction
Over the last 20 years, a number of different nanoparticle-based strategies have been developed to improve the efficacy of conventional drug delivery. 1, 2 Porous and tunable hybrid materials, metal organic frameworks (MOFs), are promising candidates as potential drug carriers, because of their remarkably large surface areas and excessively high porosities. 3, 4 The adjustment of the framework's functional groups and pore size make it advantageous over rigid nanoparticle carriers in biomedical applications. 5 Although several types of organic carriers at a nanoscale level such as micelles, liposomes, and dendrimers [6] [7] [8] [9] have been employed for drug delivery, the drug release is difficult to control with an absence of tunable porosity. 10 In contrast, MOF nanoparticles have a high loading capacity and controlled drug release properties. 2 Moreover, the toxicity and biocompatibility of metals and organic linkers used in MOFs have been evaluated. 11 Biocompatible metals including Ca, Cu, Mn, Mg, Zn, and Fe may accumulate in the body during the drug release process. However, Fe-MIL-88A is approved as an oral iron supplement. 11 Toxicological studies on Fe-MIL-88 and Fe-MIL-101 have indicated an optimistic view on the toxicity of MOFs. 12, 13 Organic linkers are either exogenous or endogenous compounds. Exogenous organic linkers are produced from polycarboxylates, imidazolates, pyridyl, and amines.
14 Several endogenous organic linkers are ingredients of the body composition, and have been used for synthesis of biocompatible amino acid MOFs and nucleobase MOFs. 15 Currently, the most studied MOFs for drug delivery have used Fe metal with bio-organic linkers, such as MILs (53, 88, 100, and 101). 11, 16, 17 Bernini et al studied a potential carrier of ibuprofen by comparing validated simulation data for ibuprofen adsorption and release in MIL-53, MIL-100, and MIL-101 with interesting CDMOF-1, MOF-74, and BioMOF-100. 18 Porous iron carboxylate MOFs have been successfully used for encapsulation of a challenging antitumor molecule performing unprecedented loadings exceeding 25 wt%, which may allow the administration of high doses of drugs using low amounts of MOFs. 19, 20 Bio-application studies of a calcium inorganic linker-based MOF are few, however; Sumida et al explored the potential use of calcium carbonate as a precursor to MOF materials to form highly crystalline products. 21 Flurbiprofen (FBP) (Figure 1 ) is a hydrophobic and potent acidic nonsteroidal anti-inflammatory drug, which has a molecular weight of 244.3, pKa of 4.6, and log P-value of 4.16. It is practically water insoluble. 22 To reduce the potential side effects of FBP, numerous delivery systems have been designed, such as transdermals, microspheres, microsponges, and niosomes. 23 To maintain a prolonged therapeutic activity, the rate of FBP release in different surfactants is low at 10%-60%. 24 This study aims to develop a substantially improved loading percent and release profile by employing Ca-MOF and different Fe-MILs (MIL-53, MIL-100, and MIL-101). Ca-MOF was synthesized solvothermally by using a multisolvent solution in a Teflon-lined steel autoclave. A mixture of calcium nitrate tetrahydrate (18 mmol), terephthalic acid (9 mmol), acetic acid (407 mmol), ethanol 48.6 mL, and distilled water (13.5 mL) was incubated at 165°C for 1 day. Then it was immersed in 100 mL of acetonitrile (ACN) for 4 days until a white powder precipitated. The white powder was filtered by vacuum filtration and dried at 100°C and, finally, it was dried at 170°C overnight.
Materials and methods Materials
Fe-MIL-53 was synthesized specifically by mixing terephthalic acid (10 mmol) with FeCl 3 ⋅6H 2 O (10 mmol) in 50 mL of DMF at 150°C for 65 h. The product was centrifuged and then washed in water many times. The obtained solid was filtered, washed with DMF, and stirred successively in 200 mL of methanol for 10 h and in 200 mL of water for 15 h. 25 After drying in an oven at 70°C, a yellowish-brown powder was recovered.
Fe-MIL-101 was prepared by mixing terephthalic acid (2.5 mmol) with FeCl 3 ⋅6H 2 O (5 mmol) in 30 mL of DMF. Then the mixture was transferred to an autoclave of 45 mL and heated in an oven at 110°C for 20 h. 26 The product was immersed in hot ethanol twice during 3 h. After drying in an oven at 70°C, an orange-brownish powder was recovered.
Fe-MIL-100 was prepared by mixing of 5 mmol of FeCl 3 ⋅6H 2 O with H 3 BTC (trimesic acid) in 36 mL of distilled water inside an autoclave of 125 mL and heated in an oven at 160°C for 15 h. After cooling the autoclave, the suspension 
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MOF as flurbiprofen delivery system was centrifuged and the solid was washed successively in hot water (350 mL, 70°C and 3 h) and in hot ethanol (250 mL, 65°C and 3 h). The obtained orange-brownish powder was dried at 90°C overnight.
characterization of MOFs
X-ray powder diffraction (XRPD) patterns were obtained using a D8 Advance (Bruker AXS, Germany), with a copper Kα radiation source (40 kV and 40 mA) with a Lynx Eye detector. The 2-theta scan range was of 5-40 degrees. Fourier-transform infrared (FTIR) spectra of all the MOFs and loaded MOFs were measured using a PerkinElmer FTIR spectrometer in the range of 650-3,800 cm −1 . The surface morphology imaging of the MOFs was achieved by using Zeiss Neon 40 EsB field-emission scanning electron microscopy (SEM) with SmartSEM software. Nuclear magnetic resonance (NMR) spectroscopy provides a better understanding of the loading behavior in the drug delivery system. NMR spectra were acquired on a Bruker Avance Ultrashield 400 MHz spectrometer and the NMR spectra were referenced to their solvents: deuterium oxide (D 2 O, 1H, δ4.79 ppm). Also, textural properties of MOFs were characterized by N 2 adsorption-desorption isotherms, which were obtained at −196°C by Micromeritics, Tristar instrument, to determine the specific surface area, pore size, and volume.
incorporation of FBP with MOFs
The FBP calibration assay was analyzed by high-performance liquid chromatography (HPLC) (Shimadzu 20 AC) at a range of FBP concentrations (10, 20, 30, 40, 50 , and 60 µg/mL in methanol [90%]) and the mobile phase was 0.1 M phosphate buffer solution (PBS) pH 6.8 and ACN (40%). A sample of 50 mg of FBP was dissolved in 10 mL of ACN (40%) to make an FBP solution of 5 mg/mL. An aliquot of 100 µL was withdrawn and diluted to 10 mL with ACN (40%) and analyzed by HPLC to determine the amount of FBP before loading. The MOFs were dried at 120°C for 6 h before loading in the FBP solution. A dried sample of 50 mg of each MOF was separately weighed and mixed with the FBP solution in 20 mL glass containers. After sealing the container tightly, the mixture was stirred (at 100 rpm) for 24 h at room temperature by a magnetic stirrer. The supernatant was collected after centrifugation (4,000 rpm, 15 min). The material of MOF with loaded FBP (FBP@MOFs) in the bottom of centrifugal tube was immediately washed with 10 mL of 40% ACN and centrifuged to remove FBP adsorbed on the outer surface of MOFs. Then the FBP@MOF material was dried overnight at 60°C in an oven. An aliquot of 100 µL was withdrawn from the supernatant, diluted to 10 mL with ACN (40%), and analyzed by HPLC to determine the remaining amount of FBP in the solution after loading. 
Results

characterization of MOFs
XRPD data indicated that the crystallinity of FBP@MOFs was significantly changed in respect to the unloaded MOFs ( Figure 2) . The level and intensity of the peaks were significantly reduced. The peak positions in the XRPD patterns were similar for the FBP@MOF and the unloaded MOF. This indicates that the MOF structures were stable after FBP loading within all MOFs.
FTIR spectra of pure MOFs and FBP@MOFs are shown in Figure 3 . The peak at 1,694 was assigned to the carboxyl group in FBP. The peak at 1,690 cm −1 in Fe-MIL-53, Fe-MIL-100, and Fe-MIL-101 and FBP-loaded samples was assigned to C=O stretching. The peak at 1,621 cm −1 in Ca-MOF and FBP@Ca-MOF was also assigned to C=O stretching. The shift in carboxyl group from 1,694 to 1,621 cm −1 is because of employing two acids (terephthalic acid and acetic acid) in the NMR spectroscopy was employed for investigation of FBP loading within all MOFs. The presence of a signal at 1.25 ppm of pure FBP and its loaded MOFs ( Figure S1 ) was an indication of resonance spectroscopy of methyl group in the FBP structure (Figure 1 ). This result indicates the presence of FBP molecules within all MOFs. N 2 adsorption-desorption isotherms were obtained and analyzed to determine the surface area, pore size, and pore volume of each MOF. Based on the N 2 adsorption isotherms, the Brunauer-Emmett-Teller (BET) surface area of all MOFs is reported in Table 1 . The pore volumes obtained from the isotherm at P/Po =1 ( Figure S2 ) and the average pore sizes of all MOFs are also listed in Table 1 . Figure S2 shows the degree of hysteresis and mesopore content in Ca-MOF, Fe-MIL-53, Fe-MIL-100, and Fe-MIL-101, respectively. 
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MOF as flurbiprofen delivery system
The sharp increase in N 2 adsorption at a pressure close to 1 demonstrates the availability of macropore in their structure as shown clearly with a wide range in the isotherms of Ca-MOF, Fe-MIL-53, and Fe-MIL-101, which was very limited in the isotherm of Fe-MIL-100. Also, a wide hysteresis via a long range of relative pressure in Ca-MOF followed by Fe-MIL-53 and Fe-MIL-101 represents the mesopore content due to ink-bottle pore effect. 28 However, the sharp increase in N 2 adsorption at a low relative pressure represents the micropore, which is supported by overlapping N 2 adsorption- 
Drug loadings
The loading percentage values of FBP on the MOFs were around 46%, 37%, 20%, and 10% for Fe-MIL-100, Fe-MIL-101, Fe-MIL-53, and Ca-MOF, respectively, as shown in Table 1 . The highest loading percent was on Fe-MIL-100 followed by Fe-MIL-101, which is correlated to the MOF characteristics of high surface area and pore volume. The surface areas of Fe-MIL-53 and Ca-MOF were 26.20 and 34.72 m 2 /g, respectively, while the pore sizes were 12.3 and 12.33 nm, respectively. The high pore size allowed for FBP molecules to be loaded but the low surface area was the reason behind low loading percent.
Release profile
The release profiles of FBP@MOFs were evaluated in 50 mmol PBS at pH 7.4 as a serum fluid ( Figure 5 ). The release profile demonstrated two stages for FBP-MOFs. In the first stage, the release rates for FBP@Ca-MOF, FBP@ Fe-MIL-101, and FBP@Fe-MIL-100 were around 50% within first 2 h, while the release rate for FBP@Fe-MIL-53 was around 65%. The second stage of FBP release from 
Discussion
This is the first study that employed MOFs as carrier for FBP loading. The highest FBP loading capacity with Fe-MIL-100 was because of its specific surface area (1,604.81 m²/g) and large pore volume (0.67 cm 3 /g). The lowest loading capacity with Ca-MOF is correlated to the low surface area (34.71 m 2 /g) and low pore volume (0.10 cm 3 /g). The average pore size of Ca-MOF was the highest among the employed MOFs (12.33 nm), which can open the access for FBP molecules to be encapsulated inside the pores; however, loading capacity was limited because of the small BET surface area, low pore volume and the ink-bottle pore effect. 28 There are no studies or observations reporting Ca-MOF as drug delivery systems to demonstrate a comparison with these results. Although the surface area of Fe-MIL-53 was 26.2 m²/g, it had a pore size of 12.3 nm, which is enough to host the FBP molecule and achieve around 20% loading capacity. Having a creditable surface area, pore size, and volume were the reasons behind the relative high loading capacity of Fe-MIL-101 as shown in Table 1 . Horcajada et al found that both Cr-MIL-53 and Fe-MIL-53 solids adsorb around 20% (wt) of ibuprofen, 29 and that there was 35% loading percent of ibuprofen with MIL-100. 30 Although the FBP molecule, which is employed in this study, is larger than ibuprofen molecule, the Fe-MIL-53 loading capacity (20%) was similar to that of Horcajada et als finding, while a significant improvement of Fe-MIL-100 loading capacity (46%) was found. Pore size and pore volume of the MOFs alongside MOFs' surface area are the main factors that determine the manner and the percentage of the FBP loading and release with MOFs as shown in Figure S3 . Large pore sizes enable different pharmaceuticals to be encapsulated. 31 The drugs of poor aqueous solubility have an affinity for encapsulating with hydrophobic pores in MOFs such as the MIL family. 2 Horcajada and co-workers found unprecedented amount of adsorbed ibuprofen (~1.4 g/g MIL-101), which was due to large surface area (5,510 m 2 g
−1
)
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MOF as flurbiprofen delivery system in comparison to the ibuprofen molecule and due to the differences in the surface area and pore size and volume of the Fe-MIL-101.
The FBP release from the FBP@MOFs showed two stages. This is related to the FBP location within the pores of MOFs, pore size, and kind of host-guest interaction. When the filled pores with FBP were located close to the surface of MOFs, FBP molecules release concerned only the weakly bonded molecules. The first stage was a fast stage of release (within 2 h), which can be regarded as zero-order kinetics because of drug concentration independence. The kinetics of FBP release from FBP@MOFs are empirically adjusted with regression factors of 0.99, 0.85, 0.77, and 0.78 for FBP@Fe-MIL-101, FBP@Fe-MIL-100, FBP@ Ca-MOF, and FBP@Fe-MIL-53, respectively, as shown in Figure S4 . It can be defined to be a burst effect because of the porous structure and high solubility of FBP in PBS at pH 7.4 relating to ionization due to the acidic nature of FBP (pKa 4.6). The second stage of release can be defined as an erosion process due to the slow collapse of the MOFs in alkaline media. Frameworks collapsing in PBS are due to replacement of the carboxylate linkers by phosphate groups in the PBS solution and/or formation of iron oxide rendering less favourable formation of stable metal carboxylate bonds at pH values above the pKa of carboxylic functions (~4−5). 32 Cunha et al found a rapid release of caffeine from MIL-100 and 53 within 6 h in a medium of PBS at pH 7.4. 32 The collapsing or degradation of MOFs in the body will produce materials such as iron oxide 33 or organic linkers in MOFs. 30 The total percent release of FBP@Fe-MIL-100 and 53 and Ca-MOF did not reach .90%. However, the final drug fraction, probably located inside some micropores, therefore, needs more time to be completely released as a consequence of the pore diameter and cation-anion and π-π interactions.
Conclusion
MOFs have maintained their integrity during the loading process. The MOFs have a variety of loading capacities. Fe-MIL-100 and 101 were the best MOFs as drug delivery systems for FBP. The overall release profile was slow for FBP to be formulated as a controlled-release drug. The MOFs are a promising material for FBP to be a carrier.
Supplementary materials nMr spectroscopy
Nuclear magnetic resonance (NMR) spectroscopy is extremely helpful in investigating the interactions between the framework and adsorbed species. Solid-state NMR experiments were performed on pure metal organic frameworks (MOFs), loaded MOFs, and pure flurbiprofen (FBP). Compared to the spectrum of pure drug, loaded MOFs show the resonance of methyl group of FBP molecule to be assigned on the 1.2 ppm in all spectra as shown in Figure S1 . n 2 adsorption-desorption analysis N 2 adsorption-desorption isotherms were obtained and analyzed to determine the surface area, pore size, and pore volume of each MOF separately. Based on the N 2 adsorption isotherms, the Brunauer-Emmett-Teller surface area of all MOFs was assessed. The pore volume obtained from the desorption isotherm at P/Po 0.99 ( Figure S2A-D) and the pore-size distributions derived from the N 2 isotherms by the Barrett-JoynerHalenda method gave the average pore size of all MOFs.
The FBP release profiles
The release profiles of FBP@MOFs demonstrated two stages. 
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